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Abstract
A ‘memristor’ is a passive two-terminal circuit element the electric resistance of which depends on the history of the charge that
has passed through it. We implemented a platform to simulate adaptive properties of stochastic memristor networks. We showed
that such networks follow a stable behavior that diverges from its initial state depending on the history of stimulation. Additionally,
we observed that the connectivity patterns of the networks influence their adaptive properties. These results confirm the adaptive
properties of statistical memristor networks and suggest that they can be potentially used as complex and self-assembled ‘learning
machines’.
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‘Memristors’ (portmanteau from ‘memory resistor’) can store and process information at the same time [1]. Recently,
a polymer-based material able to accomplish these basic functions has been developed [2,3]. Interestingly, this material
can build self-assembled random memristor networks at the nanoscale level [4]. The final goal of the simulations
presented here is to investigate the adaptive properties of this kind of networks, generally built in a probabilistic way.
We developed a platform divided in three modules: the architecture module generates a 3D arrangement of nodes
and defines the connections between them, the dynamical module calculates the values of all memristors at each time
step, and the evaluation module computes an “offline” analysis to measure the activity of the network as well as to
display it in a three-dimensional (3D) environment. We used the (Pearson) correlation (corr) to quantify the similarity
between network states. In this way, the similarity between two states i and j of a network A was defined by corr(Ai,
Aj), where the dimension of the vectors Ai and Aj are the total number of connections in the network.
Results of the simulations are shown in Fig. 1. The decreasing correlation values as a function of time indicate that
networks tend to diverge from their initial state the longer we stimulated. This behavior was stable regardless of the type
of input used and of the type of connectivity (random or distance-dependent connectivity). Using a distance-dependent
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conference organizers and published by Elsevier B.V. Open access under CC BY-NC-ND license.connectivity, networks deviated differently depending on the type of input used, as observed in Fig. 1D. This was not
the case for the randomly connected networks (Fig. 1C), which suggests a relation between the input pattern and the
type of connectivity that impacts the adaptive properties of the network.
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Fig. 1. Adaptive behavior in stochastic memristor networks. Random voltage values were applied across two input and two output (ground) nodes
during 100 s. We tested two different input patterns (Input A: positive V in both input nodes. Input B: positive V in one node and negative in the
other. Range: [-20:20 V]). We run simulations on a total of 40 networks, 20 with a random connectivity (A, C) and 20 with a distance-dependent
connectivity (B, D). For each network we repeated the simulation 50 times. In all simulations, memristors were initialized in the same way and
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[hanges in their conductivity depended on the history of stimulation. The average correlations show how network states deviate in time when
omparing the effect of two different inputs (A, B) or the same type of input (C, D). Black and dashed curves represent the results according to the
ype of input used.
To conclude, we implemented a platform to simulate and evaluate adaptive properties of stochastic memristor
etworks. Using this platform we have shown that memristor networks follow a stable behavior that diverges from its
nitial state depending on the stimulation history and on the connectivity patterns of the networks. Our results suggest
hat self-assembled memristor networks can be potentially used as ‘learning devices’ able to perform different sorts of
attern recognition tasks.
cknowledgements
We acknowledge the financial support of the Future and Emerging Technologies (FET) programme within the
eventh Framework Programme for Research of the European Commission, under the FET-OPEN grant agreement
ION, number 213219.
eferences
1] Leon O. Chua, Memristor—The Missing Circuit Element, IEEE Transactions on Circuit Theory CT-18 5 (1971) 507–519.
2] V. Erokhin, T. Berzina, M.P. Fontana, Hybrid electronic device based on polyaniline-polyethylene oxide junction, J. Appl. Phys. 97 (2005)
064501.
3] T. Berzina, V. Erokhin, M.P. Fontana, Spectroscopic investigation of an electrochemically controlled conducting polymer-solid electrolyte
junction, J. Appl. Phys. 101 (2007) 024501.
4] V. Erokhin, T. Berzina, A. Smerieri, P. Camorani, S. Erokhina, M.P. Fontana, Bio-inspired adaptive networks based on organic memristors, Nano
Communication Networks 1 (2010) 108–117.
